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CROSS-REFERENCE TO RELATED APPLICATIONS 

This application claims the benefit of U.S. Provisional Patent Application Ser. No. 
60/153,900, filed September 14, 1999, the contents of which are hereby incorporated by 
reference. 

BACKGROUND OF THE INVENTION 

L Technical Field 

The present invention relates, generally, to data display systems and, more 
particularly, to methods for real-time display and editing of aircraft navigation and flight- 
planning data. 

2. Background Information 

Electronic instrumentation displays continue to advance in sophistication, achieving 
increasingly higher levels of information density and, consequently, presenting a greater 
amount of visual information to be perceived and understood by the operator. In many 
applications, it is critical that visual displays provide a proper cognitive mapping betw^een 
what the operator is trying to achieve and the information available to accomplish the task. 
As a result, such systems increasingly utilize human-factor design principles in order to build 
instrumentation and controls that work cooperatively with human operators. 

One area in particular that has experienced an increase in display complexity is the 

field of electronic flight system instrumentation. Accordingly, the Federal Aviation 

Administration (FAA) has promulgated a number of standards and advisory circulars relating 
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particularly; Title M of the U.S. Cod^^I 



to flight instrume ntation. mBtb particularly; Title M of the U.S. Cod^r Federal Regulations, 

Federal Aviation Regulations (FAR) Part 25, Sec. 25.1321 et seq, provides guidelines for 
arrangement and visibility of instruments, warning lights, indicators, and the Uke. Similarly, 
detailed guidelines related to electronic displays can be found in FAA Advisory Circular 20- 
5 88A, Guidelines on the Marking of Aircraft Powerplant Instruments (Sept. 1 985). 

As instrument panel space is Umited, achieving these goals can be quite difficult for 
designers faced with presenting a large amount of information within a relatively small space. 
As a result, cockpit displays tend to be populated with numerous, non-intuitive icons and 
symbols, and without the benefit of terrain, obstruction, political boundaries, and other useful 
10 display data. Methods are therefore needed in order to overcome these and other Umitations 
of the prior art. 

^ BRIEF SUMMARY OF THE INVENTION 

V The present invention includes systems and methods providing real-time projection 

and rendering of one or more geospatially organized navigation databases. In accordance 
SI 5 with one aspect of the present invention, a system stores, processes, and displays a navigation 
=1 database (including, e.g., terrain, navigation aids, obstructions, political boundaries, and the 

like) and avionics data to accompUsh real-time display while maintaining correct projections 
of the data from latitude and longitude coordinates to Cartesian (nautical-mile) coordinates. 
In accordance with another aspect of the present invention, the system provides real-time 
20 display and editing of aircraft navigation and flight-planning data 



-1. 



BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

The subject invention will hereinafter be described in conjunction with the appended 
drawing figures, wherein like numerals denote like elements, and: 
25 FIG. 1 is a schematic overview of a system in accordance with various aspects of the 

present invention; 

FIG. 2 is a schematic depictions of a system and process in accordance with one 
embodiment of the present invention; 

FIG. 3 is a flowchart showing an exemplary method of computing terrain patches; 

30 and 

FIG. 4 shows an exemplary range cylinder display in accordance with various aspects 
of the present invention. 
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DETAILED DESClm'lON OF PREFERRED EXEMPLAR^reMBODIMENTS 



Systems and methods in accordance with various aspects of the present invention 
provide real-time projection and rendering of one or more geospatially organized navigation 
databases. The present invention may be described herein in terms of functional block 
components and various processing steps. It should be appreciated that such functional 
blocks may be realized by any number of hardware and/or software components configured 
to perform the specified functions. For example, the present invention may employ various 
integrated circuit components, e.g., memory elements, digital signal processing elements, 
look-up tables, and the like, which may carry out a variety of functions under the control of 
one or more microprocessors or other control devices. Such general techniques and 
components that are known to those skilled in the art are not described in detail herein. 

Briefly, referring now to FIG. 1, a system in accordance with various aspects of the 
present invention comprises a display computer 108 communicating with an associated 
display or displays 106, one or more databases 120, cursor control device (CCD) 104, and 
avionics data 110. A user 102 (e.g., a pilot) provides input to display computer 108 through 
CCD 104, and receives visual feedback through display 106. 

CCD 104 may include any suitable input device, for example, a mouse, trackball, 
touchpad, or the like. In one embodiment, CCD 104 comprises a touchpad having an 
associated button positioned for actuation by the user's thumb. Such devices are known in the 
art, and will not be described further herein. 

Display computer 108 may include any number of hardware and/or software modules 
configured to carry out the various functions of the present invention. Similarly, display 106 
may include any convenient monitor, screen, or other display unit capable of presenting a 
two-dimensional image perceptible by user 102, including, for example, various CRTs, flat- 
panel displays, and the like. Databases 120, which may include various types of data 
structures as described below, may consist of multiple physical storage/memory units, or may 
include a single physical storage unit separated into multiple logical databases. 
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Referring now to Fro. 2, in accordance with one aspect o^Te present invention, a 
system stores, processes, and displays a navigation database (including, e.g., terrain, 
navigation aids, obstructions, political boundaries, and the like) to accomplish real-time 
display while maintaining correct projections of the data from latitude and longitude 
5 coordinates to Cartesian (nautical-mile) coordinates. In a preferred embodiment, a portion of 
the data is stored in a geospatially organized data structure 202 and dynamically 'tiled' onto 
other data structures representing display elements projected into the display coordinate 
system, and culled to the currently displayed range (206). The new display data structure 204 
is displayed using suitable graphics hardware and is translated and/or rotated to 'move' the 
10 display in real-time in accordance with avionics data 110. Background processing is 
preferably used to compute the next display tile, when required, for an uninterrupted map 
presentation 208. The result is a substantially seamless database-generated chart, including 
52 terrain, with correct map projections allowing overlay of other display information, such as 
FMS data. The chart preferably has the ability to maintain real-time update rates while 
s;J15 displaying at low, medium, or high ranges. 

^ Using the current flight plan display as a starting point, the system builds a full- 

^5 featured, layered map with the active flight plan as the focal point of the presentation. The 
pilot is offered a virtual map that allows a flexible presentation of aeronautical data combined 
Q with an easy-to-use graphical interface. 
20 

The pilot preferably interacts directly with the map to modify flight plans through the 
use of cursor control device (CCD) 104. Flight plans can be modified while the pilot's 
attention is "head-up" without the use of the traditional "head-down" Multifunction Control 
Display Unit (MCDU). Full FMS control will be available via the combination of the CCD 
25 map interface and the MCDU. In this way, the present invention improves navigation, flight 
planning and situational awareness through advanced map display and control, graphical 
flight planning, and integrated display of aeronautical data. 



30 preferably used to control the map appearance and FMS. A graphical interface is used for 
most system controls. For example, pull-down menus will be used to control display modes 
and to configure the map. The menus utilize a mixture of selectable buttons and "radio" 
controls configured to show which choices are available, the status of the display choices, and 



A graphical interface with virtual buttons, pull-down menus, and dialogue windows is 
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• # 

sc^^Inction once a* choice has been displaven!^ 



-the-status-oilthe controllecffunction once a' choice has been displayed The menus therefore 



intuitive to use without any "hidden" functionality that is not readily apparent to the pilot. 



Windows containing selectable lists of items are preferably used where a relatively 
5 large number of items must be available for selection. In one embodiment, window "tabs" 
are included to allow multiple windows to occupy the same display space (one window at a 
time). Some windows are allocated dedicated display space on display 106 where particular 
information must be continuously available for pilot review. Windows may appear over one 
another temporarily, but information from the "lower" window(s) are preferably not viewable 
10 "through" the "upper" window(s). Windows have fixed and possible multiple sizes 
depending on flight operations. 

f c 

Cfl The system unifies map and plan mode presentations into a virtual map with several 

available methods of choosing the portion of the map. A worldwide database (one of the 
^'^ databases 120) is preferably used to make all or substantially all of the earth's land surface 
^C15 available for display independent of the aircraft position or the active flight plan. The pilot is 
la,: able to center the map on the aircraft, any waypoint in the flightplan, or any geographic 
-^3 location on the surface of the earth. The choices may be made from menus or by selecting 
the center directly on the map display. 

The system provides a large increase in the number of items available for display. 
20 These items are a mixture of navigational, geographical and political items and are intended 
to improve the ability of the pilot understand the relationship between the aircraft, the 
intended flightplan and the surrounding physical and aeronautical environment. 

In one embodiment, the map will consist of sets of layered information. The layers 
will be controllable via the graphical interfaces to build the most useful type of map 
25 dependent upon the needs of the pilot and current flight operations. At longer range settings, 
select display elements may be unavailable or will change in appearance. 

The system is preferably capable of displaying the map from a variable perspective. 
That is, the angle of incidence between the pilot's view and the earth's surface may be set at 
an angle of less than 90 degrees. The pilot may be allowed to vary the angle of incidence 
30 between 0 degrees (vertical profile) and 90 degrees (lateral profile), therefore; allowing a 
"3D" view of the map. 
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OncB~a~perspeetive 




aflgleJs,set,_the,pilot will be able t^Wiect a single button to 




switch the lateral profile from a bird's-eye view to a perspective view. The pilot will also be 
allowed to vary the lateral and vertical perspective. This perspective flexibility will allow, for 
instance, the pilot to move the map center to the destination airport and then view the 
flightplan from any perspective. In this example, the complete approach procedure would be 
viewable and comparable to the surrounding geographic and aeronautical situation. 

In accordance with one aspect of the present invention, one or more of the following 
items will be displayed in the lateral profile: 

• Active flightplan 

• Waypoints with tuning data, patterns and constraints 

• Flightplan offsets 

• Missed approach procedure 

• Navaids 

• Airports with tuning data 

• Special use airspace 

• Compulsory reporting points 

• Airways 

• Terrain 

• Airborne Weather Radar 



The intent of the lateral profile is to provide similar display elements as are found on 
approach plates, SIDs, and STARs. Depending upon the availability of data the system may 
add one or more of the following display elements: 



TCAS targets 
Lightning strikes 

Approach, departure and arrival information 
Geopolitical information 



Textual procedures and instructions 

Complete procedure fixes with bearings and related instructions 



Sector altitudes 
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-bimitatiensH2>n-^fflB-^dJbrecas^ areas will not be availab^^s we can not presently 





o 



get them from navigation databases. 

Mini mums by aircraft category for straight-in and circle-to-land operations 



In addition to the lateral profile, the map display 106 will preferably include a vertical 
profile. In one embodiment, the vertical profile will be displayed below the lateral or 
perspective view . The long-term intent of the vertical profile will be to more closely imitate 
the presentation found on approach plates 

The display flexibility of the system allows a large number of different viewing 
options. To better manage these options, display choices will preferably be packaged into a 
limited number of standard display views. The views will be packaged to support flight 
operations. 

The system allows the pilot to move the center of the map by moving the display 
mode to a "free center" mode. In this mode any portion of the earth's surface may be made 
the center of the map. In free center mode, a method will be provided to slew the map 
directly north, south, east or west. Aircraft and waypoint center modes will also be available 
and will operate as in current systems. 

In one embodiment, the system displays flight plan transitions as curved paths from 
one flight leg to the next. The curved path including the end point of the curved transition 
where it joins the next leg will be calculated. For initial certifications, curved path display 
will apply only to the transition from the flight leg being flown to the next leg. In an alternate 
embodiment, the flight plan may be displayed as a sequence of curved paths. 

Airways will be available for optional display under pilot command, and are 
preferably displayed with identifiers. In addition, one or more of the following airspace types 
may be displayed in a lateral view (as part of a navigation database 120): 

© Alert 

® Caution 

© Danger 

© MOA 

© Restricted 

• Prohibited 
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o Training 



o Warning 

o Military Operation 

In addition, one or more of the following navaid types will be available for display, 
5 including the identifier and frequency of each display: 

o NDB 
VOR 
o DME 

o VORTACA^ORDME 

^ElO Flight plan offsets and alternate flightplans are preferably displayed with the selected 

£n 

fn offset distance. Potentially, the alternate flightplans can be displayed as a complete flight 

1% plan drawn with clearly different symbology simultaneously with the active flight plan. The 

'';J pilot would be allowed to turn this display function on or off via the menuing system. 

£2 Furthermore, the system will graphically and numerically display the set of 

.^^'l5 maneuvers needed to execute procedure turns, holding patterns, and DME arcs. The 
published procedure turn will be available as a complete display element when the associated 

□ 

n approach procedure is selected. 

Complete ILS approach symbology is preferably available for display. This will 
include the following: 

20 G ILS "feather" 

© Display missed approach procedures 
© ELS and LOC front and back courses 

The following items may also be displayed, assuming that appropriate data sources 
can be secured: 

25 e Approach fixes including ICAO identifier, flight leg bearing, distance, and minimum 
altitudes 

® Display miscellaneous approach instructions, if present (radar monitoring, DME use, 
etc.) 
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o DispJay missed approach textual instructions for the missed approach procedure 



Airport maps will be available for display as an automatic and integrated feature of 
the virtual map. In one embodiment, the range is selectable such that the airport will be in 
full view and the aircraft position on the map will be accurately displayed during taxi 
operations. The runways are preferably displayed in a to-scale manner. 

The aircraft position is suitably displayed over the airport map. As more accurate 
airport map data becomes available, the airport maps are preferably drawn as a collection of 
independent display elements instead of as a complete map picture. 

In accordance with one embodiment, the appearance of the airport symbol will change 
based on displayed range. At higher ranges, the airport will appear as an icon. At lower 
ranges, the runways or the airport map will appear. The actual content of the airport map 
display will depend on the availability of the required data. For each airport, the system 
preferably display its identifier, name, country, and COM tuning data. In addition, the 
following runway data is preferably displayed: identifier and bearing, runway end elevations, 
and runway length. 

The accuracy of the map image will likely be dependent on the integrity of the data 
suppUed by the map supplier. If airport maps prove to be too inaccurate, Umitations may 
have to be applied to the display of these maps. 

The system will preferably host a full-time terrain display function. The purpose of 
this function is to provide full-time awareness of the aircraft situation relative to terrain. 
Access to a worldwide elevation database will be available to the terrain display function, and 
the MAU AGM will access the database and render a terrain display in two or three 
dimensions. Shading, texturing and lighting will be used to give a reUef map appearance to 
the display. 

Flight plans and other display elements are preferably drawn "over" the terrain. In one 
embodiment, full-time terrain will be the "lowest" layer in the map ~ that is, all other display 
elements will be shown "on the top" of the terrain. Display elements are preferably drawn 
such that all elements are substantially clear and unambiguous. 
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Obstacles will be dS^yed based on a published database ofman-made obstacles that 



are above a particular height (i.e., tall buildings, and towers). The obstacles will be displayed 
in a manner that will allow the pilot to determine the relative elevation of the obstacle 
compared to the surrounding terrain. 

leferring momentarily to Fig. 4, a display in accordance with one aspect of the 
present inyention includes a range-cylinder display 400. Range-cylinder display 400 suitably 
comprises a perspective range ring 402, heading tick-marks and bug 404, and an aircraft 
symbol 406. A c^lor difference is preferably displayed between the top 1000 feet (or other 
appropriate distance) 4®8 of the range cylinder, and the top of the cylinder preferably 
corresponds to the projectea\kitude at the displayed range. A current heading indicator 410 
is also included in the illustrated eh^bodiment. Spoke symbols may also be displayed from the 
aircraft to the to of the range ring. Th^s;vlinder and spoke symbols preferably disappear into 
the terrain where the terrain geometry ocblmles them, visually depicting possible terrain 
collisions. This display effectively provides a c«^formal terrain presentation with visual 
situational awareness of terrain conflicts. 

In general, the terrain display ftinction will access a portion of the databases 120 
based on aircraft position, displayed range, the active flightplan, and the center of the 
displayed area. The terrain display ftinction preferably caches the terrain defined by the 
flightplan and the current position. This allows the terrain display to react with minimal lag 
to changes in the displayed terrain area. 

There may be a lag when the terrain display ftinction is first activated and the center 
of the display is moved to a geographic position that is not a part of the flight plan. This lag 
will preferably be no longer than one second in duration. 

The system may also be configured to allow the display of a number of other items 
that will improve the pilot's awareness of the aircraft and flight plan situation, for example, 
political boundaries, rivers, lakes, and the like. 

In one~enTb©diment, lines of latitude and longitude will be displayed at the rate of one 
line for every 30' of arc. TRe-numerical values will be written along the lines near the Une 
intersections. 
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Weather ra dar outp?Pis preferably displayed as an integral^iyer of the map. The 

radar image is processed by display computer 108 and displayed "over" the terrain such that 
the pilot can view the radar image and the terrain image. The received radar image is stored 
in texture memory and then merged with the terrain and other displayed data. The radar 
image will be updated as a complete "patch" of data at the rate received from the radar 
subsystem; the radar image will not be "swept" as in current systems. 

The radar image is preferably available in North-Up and Heading-Up modes to 
provide additional pilot awareness of the aircraft situation. 

TCAS targets may also be displayed as a layer on the map. The pilot will preferably 
be able to control all TCAS system parameters via the CCD 104, wherein the targets will be 
distinguished by color and relative altitude. 

The output from a lightning sensor may also be displayed as a layer of the map, 
wherein hghtning strikes will be clearly displayed as a unique lightning symbol. Display 
control will be available for the pilot via the user interface. 

The system preferably allows the pilot to perform a number of flight planning operations 
without the use of an MCDU. For example, the following functions are preferably 
controllable graphically or through the use of windows: 

© Creation and modification of primary and alternate flight plans 

Creation of pilot-defined waypoints 

Creation of custom waypoints 

Insertion of waypoints in flight plan 

Deletion of waypoints from flight plan 

Insertion of published airways 
® Insertion of complete stored flight plans (uplinked or saved) 
® Insertion of complete published airways from the navigation database 
® Selection of flight plan attributes (e.g., offsets) 
® Selection of patterns at waypoints 

Holding Pattern 

Direct To 

Vertical Direct To 

Flyover 
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Orbit 



Radials 
Intercept 

o Selection of waypoint attributes 

Speed (CAS and/or MACH) 

Altitude (at or above, at or below, etc.) 

Descent Angle 
o Selection of flight operations in terminal areas 

Approaches 

SEDS 

STARS 
o Nav and Coin Tuning 

In this regard, the system preferably provides a waypoint list function that displays 
the complete list of waypoints in the active flightplan. Either the graphical interface or the 
waypoint list may be used to choose a waypoint for addition to or deletion from the 
flightplan. 

SID, STAR and Approach procedures may also be available for display. The system 
will make the list of procedures available for review based on the airport selected as a part of 
the flightplan. The procedures will be available in an alphanumeric list with associated 
transitions, if any. The pilot may select individual procedures for graphical preview. The 
graphical preview will be differentiated from the active flightplan and will show all relevant 
portions of the procedure. The viewed procedure may be inserted as a complete part of the 
flightplan through the use of an "Add Procedure" function. 

As is known, weather providers produce representations of precipitation and other 
information that is not in a standard image format. This data is assembled from one or more 
sites (dependent on range) and can be displayed without ground data. The system may be 
configured to interpret the data to form a picture that can be merged with terrain and other 
display elements. The source data includes latitude and longitude so that it may be displayed 
as a layer in the Interactive Navigation map. Potentially, multiple data types (as listed above) 
could be layered within a single navigational mode. 

Databases 120 may include, for example, one or more of the following: 
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o Airways 

o NAVAIDS 

o Symbol textures 

o Nav data 

o Obstructions 

o Font textures 

o Taxi registration 

o Special Use Air 

o Political Boundaries 

o COM frequencies (enroute and airports) 

o More approach info (e.g., missed approach text) 

It will be understood that this list is merely examplary; the present invention is not so 

limited 

In accordance with an enhanced terrain function, the AGM will provide graphics 
generation for the terrain display and receives inputs from a TAWS product. That is, the 
terrain display function preferably receives data from the TAWS function indicating which 
geographic areas are potential threats to the aircraft, transmit the following concerning the 
affected areas: (1) Geographic area to be displayed as an alert, and (2) the color of alerting 
area (yellow or red). 

The geographic data is preferably supplied in WGS84 referenced latitude and 
longitude. The geographic area will be defined as a set of polygons. Each polygon defines 
one contiguous geographic area to be set to a single color. Each polygon will have the 
latitude and longitude of each vertice defined, and the terrain display function will use the 
polygon data to set the color attribute of the defined alert areas. 

In one embodiment, the display system will assume that the red areas have priority, 
and therefore the red areas will be drawn "over" the yellow areas where necessary. 

The data may be suppUed at any appropriate rate, e.g., a rate equal to the update rate 
of the terrain data while in a heading-up mode (e.g., 15 Hz). 
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Tfae-phvsteal— intea^e-used-.tQ„ transrnit unv elevation dat^To the terrain display 

function is preferably capable of supporting the required update rates of the terrain display or 
other integrated functions. The required data rates will be dependent upon the exact nature of 
the integration. 

The integration requiring the most capable physical interface would be one where the 
terrain display function receives all its elevation data from the TAWS product. The terrain 
display function would request transfer of sections of terrain elevation based on position, 
altitude, airspeed, etc. The TAWS product would transfer files of elevation data larger than 
that required for a single displayed frame of data. The file size and speed with which the 
terrain display function must respond to input changes may necessitate the implementation of 
a high-bandwidth interface such as Ethernet. 

The terrain will be drawn using VFR sectional chart color schemes. The latitude and 
longitude of the displayed map area will be used to extract elevation data from the database. 
The elevation will become an index into a color table. The exact color will also be set by the 
appUcation of coloring and shading algorithms dependent upon the orientation of each terrain 
element. See, e.g., Table 1 for just one possible implementation of these color schemes. 

The terrain is preferably be drawn with a map projection that conforms to that used by 
the FMS. The terrain database is, for example, referenced using WGS 84 standard latitude 
and longitude. The terrain map will be rendered to allow all other display elements to be 
accurately positioned over the terrain. Mapping may be performed using any convenient 
mapping algorithm, for example, the Lambert Conformal Conic method. 



Terrain paging may be performed in accordance with the exemplary flowchart shown 
in Fig. 3. It should be understood that the exemplary process illustrated may include more or 
less steps or may be performed in the context of a larger processing scheme. Furthermore, the 
various flowcharts presented in the drawing figures are not to be construed as limiting the 
order in which the individual process steps may be performed. 

First, in step 302, the system will compute the size of a terrain patch required to 
cover the screen (in Lat-Lon coordinates). The terrain database will be sampled at even 
increments to create a triangle grid with a fixed number of triangles (regardless of range). 
Next, in step 304, the triangle vertices will be created by projecting the sampled vertices from 
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tKiri:jCTyl:QN"coordinate-^ffie4Q^nautic^^ based coordinate fl9 me using, for example, 
Sedono's equations and a map reference point. The triangles are then set at their correct 
elevation (a 3D mesh) and normals and colors are computed (step 306). Next, in step 308, the 
resulting terrain skin is rendered to a display list, or stored geometry description. The entire 
display list is then moved (in real time) by computing movement from the map reference 
point to the actual map center (such as the AC) using Sedono's equations again and then 
translating/rotating the geometry to present heading/north up views (step 310). The system 
then monitors the difference between the projected map center and the actual map center and 
re-run the algorithm (in a background task) when required to keep terrain covering the screen. 
When a new skin is ready, the display list swaps to the new skin. When a large jump is 
performed, such as a recenter, the system computes a low-resolution skin to prevent a black 
background while the high resolution skin is computed, (step 312). Similar processes may be 
used to render the chart data into display lists for faster real-time display (except text, which 
must be re- rendered every frame to keep it facing upward). 

The terrain data, as used in Interactive Navigation, comes from the National Geodetic 
Survey via NOAA. In one embodiment , the data arrives in two resolutions, 30 arc-second, 
and three arc-second Digital Elevation Model (DEM). The 30 arc second data, GT0P30, was 
may be supplied on five CD's including the whole earth as 33 tiles. These tiles are provided 
as a Ust of 16 bit short integers, in the wrong byte order (little endian), and from south to 
north (also wrong order). The data can then be combined into a single huge (1.7 Gig) file 
using any convenient method. The data is then broken into tiles again, this time of varying 
sizes and formed into new right order DEMs. While the original files gave equal weight to 
the data in the middle of the ocean as to useful data, the new files are sized to cover the land 
masses only thus reducing the data requirement from some 1.7 Gig to .6 Gig. 

The three arc second data may be downloaded from the Internet address as follows: 
http://edcwww.cr.usgs. gov/glis/hyper/guide/l_dgrdemfig/indexlm.html These files are 
ASCII DEMs covering an area of one minute by one minute. The original files are converted 
from the -200Mbytes/file to a tighter binary 2.7Mbyte file. The order of the original data is 
south to north, west to east (column first row last). The data is then ordered west to east, 
north to south (row first column last), as with the 30 arc second data. 
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Each of these files ^l^eferably appended with a trailer, whi^fescribes the format of 



the data. The trailer is read only during startup, is placed on the end of the file so that it need 
not be actively skipped during program execution. The trailer is of the following format: 

Float nlat; //Northern most latitude in file 

Float slat; // Southern most latitude in file 

Float wlon; // Western most longitude in file 

Float elon; // Eastern most longitude in file 

Short resolution; // Number of points/degree of 

Latitude/longitude 

Short rastersize; // Number of bytes per row of data 

In the illustrated embodiment, the entire earth's land surface is described by an elevation 
database that covers the land areas in large tiles at the minimum resolution. The following 
describes the content of each tile: 

1. The tiles are aligned with integer numbered lines of latitude and longitude described 
by north and south latitudes, east and west longitudes, and the center, 
latitude/longitude. 

2. The number of posts per row (longitude) is included. 

3. The post resolution (posts per degree) is included (row and column spacing). 

4. Each post is a two-byte elevation value based on that obtained from the source. 

The tiles should be sorted by center distance to the current center of the displayed 
map. This will facilitate searches for new tiles. 



It will be appreciated that other methods of creating terrain data may be employed, 
and that a variety of other data structures may be appropriate. Furthermore, those skilled in 
the art will recognize that the exact hardware configuration used for the various modules that 
included in display computer 108 (e.g., microprocessors, storage, RAM, interface cards, and 
the like) may be selected and optimized based upon the particular design goals. 



Although the invention has been described herein in conjunction with the appended 

drawings, those skilled in the art will appreciate that the scope of the invention is not so 
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